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(54) A compression ignition type engine 

(57) A compression ignition type engine, which 
switches between a first combustion where the amount 
of the inert gas in the combustion chamber is larger 
than the amount of inert gas where the amount of pro- 
duction of soot peaks and almost no soot is produced 
and a second combustion where the amount of inert 
gas in the combustion chamber is smaller than the 
amount of inert gas where the amount of production of 
soot peaks. The second combustion is provided instead 
of the first combustion when a catalyst is not activated. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

[0001] The present invention relates to a compression 
ignition type engine. 

2. Description of the Related Art 10 

[0002] In the past, in an internal combustion engine, 
for example, a diesel engine, the production of NOx has 
been suppressed by connecting the engine exhaust 
passage and the engine intake passage by an exhaust is 
gas recirculation (EGR) passage so as to cause the 
exhaust gas, that is, the EGR gas, to recirculate in the 
engine intake passage through the EGR passage. In 
this case, the EGR gas has a relatively high specific 
heat and therefore can absorb a large amount of heat, so 
so the larger the amount of EGR gas, that is, the higher 
the EGR rate (amount of EGR gas/(amount of EGR gas 
+ amount of intake air), the lower the combustion tem- 
perature in the engine intake passage. When the com- 
bustion temperature falls, the amount of NOx produced 25 
falls and therefore the higher the EGR rate, the lower 
the amount of NOx produced. 
[0003] In this way, in the past, the higher the EGR rate, 
the lower the amount of NOx produced can become. If 
the EGR rate is increased, however, the amount of scot 30 
produced, that is, the smoke, starts to sharply rise when 
the EGR rate passes a certain limit. In this point, in the 
past, it was believed that if the EGR rate was increased, 
the smoke would increase without limit. Therefore, it 
was believed that the EGR rate at which smoke starts to 35 
rise sharply was the maximum allowable limit of the 
EGR rate. 

[0004] Therefore, in the past, the EGR rate was set 
within a range not exceeding the maximum allowable 
limit (for example, see Japanese Unexamined Patent 40 
Publication (Kokai) No. 4-334750). The maximum allow- 
able limit of the EGR rate differed considerably accord- 
ing to the type of the engine and the fuel, but was from 
30 percent to 50 percent or so. Accordingly, in conven- 
tional diesel engines, the EGR rate was suppressed to 45 
30 percent to 50 percent at a maximum. 
[0005] Since it was believed in the past that there was 
a maximum allowable limit to the EGR rate, in the past 
the EGR rate had been set so that the amount of NOx 
and smoke produced would become as small as possi- so 
We within a range not exceeding that maximum allowa- 
ble limit. Even rf the EGR rate is set in this way so that 
the amount of NOx and smoke produced becomes as 
small as possible, however, there are limits to the reduc- 
tion of the amount of production of NOx and smoke. In 55 
practice, therefore, a considerable amount of NO and 
smoke continues being produced. 
[0006] The present inventors, however, discovered in 



the process of studies on the combustion in diesel 
engines that if the EGR rate is made larger than the 
maximum allowable limit, the smoke sharply increases 
as explained above, but there is a peak to the amount of 
the smoke produced and once this peak is passed, if the 
EGR rate is made further larger, the smoke starts to 
sharply decrease and that if the EGR rate is made at 
least 70 percent during engine idling or if the EGR gas 
is force cooled and the EGR rate is made at least 55 
percent or so, the smoke will almost completely disap- 
pear, that is, almost no soot will be produced. Further, 
they found that the amount of NOx produced at this time 
was extremely small. They engaged in further studies 
later based on this discovery to determine the reasons 
why soot was not produced and as a result constructed 
a new system of combustion able to simultaneously 
reduce the soot and NOx more than ever before. This 
new system of combustion will be explained in detail 
later, but briefly it is based on the idea of stopping the 
growth of hydrocarbons into soot at a stage before the 
hydrocarbons grow to soot. 

[0007] That is, what was found from repeated experi- 
ments and research was that the growth of hydrocar- 
bons into soot stops at a stage before that happens 
when the temperatures of the fuel and the gas around 
the fuel at the time of combustion in the combustion 
chamber are lower than a certain temperature and the 
hydrocarbons grow to soot all at once when the temper- 
atures of the fuel and the gas around the fuel become 
higher than a certain temperature. In this case, the tem- 
peratures of the fuel and the gas around the fuel are 
greatly affected by the heat absorbing action of the gas 
around the fuel at the time of combustion of the fuel. By 
adjusting the amount of heat absorbed by the gas 
around the fuel in accordance with the amount of heat 
generated at the time of combustion of the fuel, it is pos- 
sible to control the temperatures of the fuel and the gas 
around the fuel. 

[0008] Therefore, if the temperatures of the fuel and 
the gas around the fuel at the time of combustion in the 
combustion chamber are suppressed to less than the 
temperature at which the growth of the hydrocarbons 
stops midway, soot is no longer produced. The temper- 
atures of the fuel and the gas around the fuel at the time 
of combustion in the combustion chamber can be sup- 
pressed to less than the temperature at which the 
growth of the hydrocarbons stops midway by adjusting 
the amount of heat absorbed by the gas around the fuel. 
On the other hand, the hydrocarbons stopped in growth 
midway before becoming soot can be easily removed by 
after-treatment using an oxidation catalyst etc. This is 
the basic thinking behind this new system of combus- 
tion. 

[0009] This new combustion system, however, is 
based on the idea of removing the hydrocarbons etc.. 
which have stopped growing midway before turning into 
soot, by the use of an oxidation catalyst etc.. and 
accordingly, when the oxidation catalyst etc. is not act- 
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vated, it is impossible to carry out this new combustion. 
Further, this new type of combustion does not occur 
unless all the conditions for it are satisfied, therefore just 
because the oxidation catalyst etc. is activated does not 
mean that this new combustion is always being per- 5 
formed. That is, in this new combustion system, it is 
necessary to suitably determine when to perform this 
new combustion. Further, use of this new combustion 
enables simultaneous reduction of the soot and NOx. 
Therefore, it is desirable to use this new combustion as w 
much as possible. 

SUMMARY OF THE INVENTION 

[001 0] An object of the presenl invention is to provide 15 
a compression ignition type engine capable of carrying 
out low temperature combustion while preventing 
unburnt hydrocarbons from being discharged to the out- 
side air. 

[001 1 ] According to the present invention, there is pro- 20 
vided a compression ignition type engine in which an 
amount of production of soot gradually increases and 
then peaks when an amount of inert gas in a combus- 
tion chamber increases and in which a further increase 
of the amount of inert gas in the combustion chamber 25 
results in a temperature of fuel and surrounding gas at 
the time of combustion in the combustion chamber 
becoming lower than a temperature of production of 
soot and therefore almost no production of soot any 
longer, the engine comprising: switching means for 30 
selectively switching between a first combustion where 
the amount of the inert gas in the combustion chamber 
is larger than the amount of inert gas where the amount 
of production of soot peaks and almost no soot is pro- 
duced and a second combustion where the amount of 35 
inert gas in the combustion chamber is smaller than the 
amount of inert gas where the amount of production of 
soot peaks; a catalyst having an oxidation function 
arranged in an exhaust passage of the engine; and acti- 
vation judging means for judging if the catalyst is acti- 40 
vated or not; the switching means making the second 
combustion be performed and the first combustion not 
be performed when the catalyst is not activated. 

BRIEF DESCRIPTION OF THE DRAWINGS 45 

[001 2] The present invention may be more fully under- 
stood from the description of the preferred embodi- 
ments of the invention set forth below together with the 
accompanying drawings, in which: so 

Fig. 1 is an overall view of a compression ignition 
type engine; 

Fig. 2 is a view of the amount of generation of 
smoke and NOx; 55 
Figs. 3A and 3B are views of the combustion pres- 
sure; 

Fig. 4 is a view of a fuel molecule; 
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Rg. 5 is a view of the relationship between the 

amount of smoke and the EGR rate; 

Rg. 6 is a view of the relationship between the 

amount of injected fuel and the amount of mixed 

gas; 

Rg. 7 is a view of a first operating region I and a 
second operating region II; 
Fig. 8 is a view of the relationship between AL(N) 
and the engine rotational speed N; 
Rg. 9 is a view of the output of the air-fuel ratio sen- 
sor etc.; 

Fig. 10 is a view of the opening degree of a throttle 
valve etc.; 

Rg. 1 1 is a view explaining the method of control of 
a first boundary X(N); 

Rgs. 12A to 12C are views of K(T) 1t K(T) 2 , and 
K(N); 

Rgs. 13A and 13B are views of the air-fuel ratio in 
the first operating region I; 
Rgs. 14A to 1 4D are views of a map of a target air- 
fuel ratio; 

Rgs. 15A to 15D are views of a map of a target 
opening degree of a throttle valve; 
Rgs. 16A to 16D are views of a target basic open- 
ing degree of an EGR control valve; 
Rg. 1 7 is a view of an air-fuel ratio in a second com- 
bustion etc. ; 

Rgs. 18A and 18B are views of a target opening 
degree of a throttle valve etc.; 
Rg. 19 is a view of a combustion pressure etc., 
Rgs. 20A to 20C are views of an upper limit a; 
Rg. 21 is a view of a crank angle interruption rou- 
tine; 

Rg. 22 is a flow chart of the control of a low temper- 
ature combustion region; 

Rgs. 23 and 24 are flow charts of the control of 
engine operation; 

Figs. 25 and 26 are flow charts of another embodi- 
ment for control of engine operation; 
Rg. 27A and 27B are views of maps of a target 
injection start timing etc.; and 
Fig. 28 is an overview of a compression ignition 
type engine. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0013] Figure 1 is a view of the case of application of 
the present invention to a four-stroke compression igni- 
tion type engine. 

[0014] Referring to Fig. 1 , 1 shows an engine body, 2 
a cylinder block, 3 a cylinder head, 4 a piston, 5 a com- 
bustion chamber, 6 an electrically controlled fuel injec- 
tor, 7 an intake valve, 8 an intake port. 9 an exhaust 
valve, and 10 an exhaust port. The intake port 8 is con- 
nected through a corresponding intake tube 11 to the 
surge tank 12. The surge tank 12 is connected through 
an intake duct 1 3 to an air cleaner 14. A throttle valve 16 
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driven by an electric motor 15 is arranged in the intake 
duct 13. On the other hand, the exhaust port 10 is con- 
nected through an exhaust manifold 17 and exhaust 
tube 18 to a catalytic converter 20 housing a catalyst 19 
having an oxidation action. An air fuel ratio sensor 21 is 
arranged in the exhaust manifold 17. 
[001 5] The exhaust manifold 1 7 and surge tank 1 2 are 
connected with each other through an EGR passage 
22. An electrically controlled EGR control valve 23 is 
arranged in an EGR passage 22. Further, a cooling 
apparatus 24 for cooling the EGR gas flowing through 
the EGR passage 22 is provided around the EGR pas- 
sage 22. In the embodiment shown in Fig. 1 , the engine 
cooling water is guided to the cooling apparatus 24 
where the engine cooling water is used to cool the EGR 
gas. 

[0016] On the other hand, each fuel injector 6 is con- 
nected through a fuel supply tube 25 to the fuel reser- 
voir, that is, a common rail 26. Fuel is supplied to the 
common rail 26 from an electrically controlled variable 
discharge fuel pump 27. Fuel supplied in the common 
rail 26 is supplied through each fuel supply tube 25 to 
the fuel injectors 6. A fuel pressure sensor 28 for detect- 
ing the fuel pressure in the common rail 26 is attached 
to the common rail 26. The amount of discharge of the 
fuel pump 27 is controlled based on the output signal of 
the fuel pressure sensor 28 so that the fuel pressure in 
the common rail 26 becomes the target fuel pressure. 
[001 7] The electronic control unit 30 is comprised of a 
digital computer and is provided with a ROM (read only 
memory) 32, a RAM (random access memory) 33, a 
CPU (microprocessor) 34, an input port 35, and an out- 
put port 36 connected with each other by a bidirectional 
bus 31 . The output signal of the air fuel ratio sensor 21 
is input through a corresponding AD converter 37 to the 
input port 35. Further, the output signal of the fuel pres- 
sure sensor 28 is input through a corresponding AD 
converter 37 to the input port 35. The engine body 1 is 
provided with a temperature sensor 29 for detecting the 
engine cooling water temperature. The output signal of 
this temperature sensor 29 is input through a corre- 
sponding AD converter 37 to the input port 35. Further, 
a temperature sensor 43 for detecting the temperature 
of the mixed gas of the suction air and the EGR gas is 
mounted in at least one of the intake tubes 1 1 . The out- 
put signal of the temperature sensor 43 is input through 
a corresponding AD converter 37 to the input port 35. 
[0018] Further, a temperature sensor 45 for detecting 
the temperature of the exhaust gas passing through the 
catalyst 19 is arranged in the exhaust pipe 44 down- 
stream of the catalyst 19. The output signal of the tem- 
perature sensor 45 is input through a corresponding AD 
converter 37 to the input port 35. A combustion pres- 
sure sensor 46 for detecting the pressure inside the 
combustion chamber 5 is arranged in the combustion 
chamber 5. The output signal of the combustion pres- 
sure sensor 46 is connected to the input terminal I of a 
peak hold circuit 47. The output terminal O of the peak 



hold circuit 47 is connected through a corresponding AD 
converter 37 to the input port 35. 
[001 9] The accelerator pedal 40 has connected to it a 
load sensor 41 for generating an output voltage propor- 

5 tional to the amount of depression L of the accelerator 
pedal 40. The output voltage of the load sensor 41 ts 
input through a corresponding AD converter 37 to the 
input port 35. Further, the input port 35 has connected 
to it a crank angle sensor 42 for generating an output 

io pulse each time the crankshaft rotates by for example 
30°. On the other hand, the output port 36 has con- 
nected to it through a corresponding drive circuit 38 the 
fuel injector 6, electric motor 15, EGR control valve 23, 
fuel pump 27, and a reset input terminal R of the peak 

15 hold circuit 47. 

[0020] Figure 2 shows an example of an experiment 
showing the changes in the output torque and the 
changes in the amount of smoke, HC, CO, and NOx 
exhausted when changing the air fuel ratio A/F 

20 (abscissa in Fig. 2) by changing the opening degree of 
the throttle valve 16 and the EGR rate at the time of 
engine low load operation. As will be understood from 
Fig. 2, in this experiment, the EGR rate becomes larger 
the smaller the air fuel ratio A/F. When below the stoichi- 

25 ometric air fuel ratio (= 14.6), the EGR rate becomes 
over 65 percent. 

[0021] As shown in Fig. 2. if increasing the EGR rate 
to reduce the air fuel ratio A/F, when the EGR rate 
becomes close to 40 percent and the air fuel ratio A/F 

30 becomes 30 degrees or so, the amount of smoke pro- 
duced starts to increase. Next, when the EGR rate is 
further raised and the air fuel ratio A/F is made smaller, 
the amount of smoke produced sharply increases and 
peaks. Next, when the EGR rate is further raised and 

35 the air-fuel ratio A/F is made smaller, the smoke sharply 
falls. When the EGR rate is made over 65 percent and 
the air fuel ratio A/F becomes close to 15.0, the smoke 
produced becomes substantially zero. That is, almost 
no soot is produced any longer. At this time, the output 

40 torque of the engine falls somewhat and the amount of 
NOx produced becomes considerably lower. On the 
other hand, at this time, the amounts of HC and CO pro- 
duced start to increase. 

[0022] Figure 3A shows the changes in compression 
45 pressure in the combustion chamber 5 when the 
amount of smoke produced is the greatest near an air 
fuel ratio A/F of 21. Figure 3B shows the changes in 
compression pressure in the combustion chamber 5 
when the amount of smoke produced is substantially 
so zero near an air fuel ratio A/F of 18. As will be under- 
stood from a comparison of Fig. 3 A and Fig. 3B, the 
combustion pressure is lower in the case shown in Fig. 
3B where the amount of smoke produced is substan- 
tially zero than the case shown in Fig. 3A where the 
55 amount of smoke produced is large. 

[0023] The following may be said from the results of 
the experiment shown in Fig. 2 and Figs. 3A and 3B. 
That is, first, when the air fuel ratio A/F is less than 15.0 
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and the amount of smoke produced is substantially 
zero, the amount of NOx produced falls considerably as 
shown in Fig. 2. The fact that the amount of NOx pro- 
duced falls means that the combustion temperature in 
the combustion chamber 5 falls. Therefore, it can be 5 
said that when almost no soot is produced, the combus- 
tion temperature in the combustion chamber 5 becomes 
lower. The same thing may be said from Fig. 3B. That is, 
in the state shown in Fig. 3B where almost no soot is 
produced, the combustion pressure becomes lower, w 
therefore the combustion temperature in the combus- 
tion chamber 5 becomes lower at this time. 
[0024] Second, when the amount of smoke produced, 
that is, the amount of soot produced, becomes substan- 
tially zero, as shown in Fig. 2, the amounts of HC and is 
CO exhausted increase. This means that the hydrocar- 
bons are exhausted without growing into soot. That is, 
the straight chain hydrocarbons and aromatic hydrocar- 
bons contained in the fuel and shown in Fig. 4 decom- 
pose when raised in temperature in an oxygen poor 20 
state resulting in the formation of a precursor of soot. 
Next, soot mainly comprised of solid masses of carbon 
atoms is produced. In this case, the actual process of 
production of soot is complicated. How the precursor of 
soot is formed is not clear, but whatever the case, the 25 
hydrocarbons shown in Fig. 4 grow to soot through the 
soot precursor. Therefore, as explained above, when 
the amount of production of soot becomes substantially 
zero, the amount of exhaust of HC and CO increases as 
shown in Fig. 2, but the HC at this time is a soot precur- 30 
sor or a state of hydrocarbons before that. 
[0025] Summarizing these considerations based on 
the results of the experiments shown in Fig. 2 and Figs. 
3A and 3B, when the combustion temperature in the 
combustion chamber 5 is low, the amount of soot pro- 35 
duced becomes substantially zero. At this time, a soot 
precursor or a state of hydrocarbons before that is 
exhausted from the combustion chamber 5. More 
detailed experiments and studies were conducted on 
this. As a result, it was learned that when the tempera- 40 
tures of the fuel and the gas around the fuel in the com- 
bustion chamber 5 are below a certain temperature, the 
process of growth of soot stops midway, that is, no soot 
at all is produced and that when the temperature of the 
fuel and its surroundings in the combustion chamber 5 45 
becomes higher than a certain temperature, soot is pro- 
duced. 

[0026] The temperature of the fuel and its surround- 
ings when the process of production of hydrocarbons 
stops in the state of the soot precursor, that is, the so 
above certain temperature, changes depending on var- 
ious factors such as the type of the fuel, the air fuel ratio, 
and the compression ratio, so it cannot be said what 
degree it is. but this certain temperature is deeply 
related with the amount of production of NOx. There- ss 
fore, this certain temperature can be defined to a certain 
degree from the amount of production of NOx. That is, 
the greater the EQR rate, the lower the temperature of 



the fuel and the gas surrounding it at the time of com- 
bustion and the lower the amount of NOx produced. At 
this time, when the amount of NOx produced becomes 
around 10 ppm or less, almost no soot is produced any 
more. Therefore, the above certain temperature sub- 
stantially matches the temperature when the amount of 
NOx produced becomes 10 ppm or less. 
[0027] Once soot is produced, it is impossible to 
remove it by after-treatment using an oxidation catalyst 
etc. As opposed to this, a soot precursor or a state of 
hydrocarbons before this can be easily removed by 
after-treatment using an oxidation catalyst etc. Consid- 
ering after-treatment by an oxidation catalyst etc., there 
is an extremely great difference between whether the 
hydrocarbons are exhausted from the combustion 
chamber 5 in the form of a soot precursor or a state 
before that or exhausted from the combustion chamber 
5 in the form of soot. The new combustion system used 
in the present invention is based on the idea of exhaust- 
ing the hydrocarbons from the combustion chamber 5 in 
the form of a soot precursor or a state before that with- 
out allowing the production of soot in the combustion 
chamber 5 and causing the hydrocarbons to oxidize by 
an oxidation catalyst etc. 

[0028] Now, to stop the growth of hydrocarbons in the 
state before the production of soot, it is necessary to 
suppress the temperatures of the fuel and the gas 
around it at the time of combustion in the combustion 
chamber 5 to a temperature lower than the temperature 
where soot is produced. In this case, it was learned that 
the heat absorbing action of the gas around the fuel at 
the time of combustion of the fuel has an extremely 
great effect in suppression of the temperatures of the 
fuel and the gas around it. 

[0029] That is, if there is only air around the fuel, the 
vaporized fuel will immediately react with the oxygen in 
the air and burn. In this case, the temperature of the air 
away from the fuel does not rise that much. Only the 
temperature around the fuel becomes locally extremely 
high. That is, at this time, the air away from the fuel does 
not absorb the heat of combustion of the fuel much at 
all. In this case, since the combustion temperature 
becomes extremely high locally, the unburned hydrocar- 
bons receiving the heat of combustion produce soot. 
[0030] On the other hand, when there is fuel in a 
mixed gas of a large amount of inert gas and a small 
amount of air, the situation is somewhat different. In this 
case, the evaporated fuel disperses in the surroundings 
and reacts with the oxygen mixed in the inert gas to 
burn. In this case, the heat of combustion is absorbed 
by the surrounding inert gas, so the combustion temper- 
ature no longer rises that much. That is, it becomes pos- 
sible to keep the combustion temperature low. That is, 
the presence of inert gas plays an important role in the 
suppression of the combustion temperature. It is possi- 
ble to keep the combustion temperature low by the heat 
absorbing action of the inert gas. 
[0031] In this case, to suppress the temperatures of 
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the fuel and the gas around it to a temperature lower 
than the temperature at which soot is produced, an 
amount of inert gas enough to absorb an amount of 
heat sufficient for lowering the temperatures is required. 
Therefore, if the amount of fuel increases, the amount of 
inert gas required increases along with the same. Note 
that in this case the larger the specific heat of the inert 
gas, the stronger the heat absorbing action. Therefore, 
the inert gas is preferably a gas with a large specific 
heat. In this regard, since C0 2 and EGR gas have rela- 
tively large specific heats, it may be said to be prefera- 
ble to use EGR gas as the inert gas. 
[0032] Figure 5 shows the relationship between the 
EGR rate and the smoke when using EGR gas as the 
inert gas and changing the degree of cooling of the 
EGR gas. That is, in Fig. 5, curve A shows the case of 
force cooling the EGR gas to maintain the temperature 
of the EGR gas at about 90°C, curve B shows the case 
of cooling the EGR gas using a small sized cooling 
apparatus, and curve C shows the case of force cooling 
the EGR gas. 

[0033] As shown by the curve A of Fig. 5, when force 
cooling the EGR gas, the amount of production of soot 
peaks when the EGR rate is slightly lower than 50 per- 
cent. In this case, if the EGR rate is made about 55 per- 
cent or more, almost no soot is produced any longer. 
[0034] On the other hand, as shown by the curve B in 
Fig. 5. when slightly cooling the EGR gas. the amount of 
production of soot peaks when the EGR rate is slightly 
higher than 50 percent. In this case, rf the EGR rate is 
made substantially 65 percent or more, almost no soot 
is produced any longer. 

[0035] Further, as shown by the curve C in Fig. 5. 
when not force cooling the EGR gas, the amount of the 
soot produced peaks at near 55 percent. In this case, rf 
the EGR rate is made about 70 percent or more, almost 
no soot is produced any longer. 
[0036] Note that Fig. 5 shows the amount of produc- 
tion of smoke when the engine load is relatively high. 
When the engine load becomes smaller, the EGR rate 
where the amount of production of soot peaks falls 
somewhat and the lower limit of the EGR rate where 
almost no soot is produced any longer falls somewhat 
as well. In this way, the lower limit of the EGR rate where 
almost no soot is being produced any longer changes in 
accordance with the degree of cooling of the EGR gas 
and the engine load. 

[0037] Figure 6 shows the case where the shows the 
amount of mixed gas of EGR gas and air, the ratio of air 
in the mixed gas, and the ratio of EGR gas in the mixed 
gas required for making the temperatures of the fuel 
and the gas around it at the time of combustion a tem- 
perature lower than the temperature at which soot is 
produced in the case of use of EGR gas as an inert gas. 
Note that in Fig. 6, the ordinate shows the total amount 
of suction gas taken into the combustion chamber 5. 
The broken line Y shows the total amount of suction gas 
able to be taken into the combustion chamber 5 when 
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supercharging is not being performed. Further, the 
abscissa shows the required load. Z1 shows the low 
load operating region. 

[0038] Referring to Fig. 6, the ratio of air, that is, the 

5 amount of air in the mixed gas, shows the amount of air 
necessary for causing the injected fuel to completely 
burn. That is, in the case shown in Fig. 6, the ratio of the 
amount of air and the amount of injected fuel becomes 
the stoichiometric air fuel ratio. On the other hand, in 

10 Fig. 6, the ratio of EGR gas, that is, the amount of EGR 
gas in the mixed gas, shows the minimum amount of 
EGR gas required for making the temperatures of the 
fuel and the gas around it a temperature lower than the 
temperature at which soot is produced. This amount of 

is EGR gas is, expressed in terms of the EGR rate, about 
at least 55 percent. In the embodiment shown in Fig. 6, 
it is at least 70 percent. That is, if the total amount of 
suction gas taken into the combustion chamber 5 is 
made the solid line X in Fig. 6 and the ratio between the 

so amount of air and amount of EGR gas in the total 
amount of suction gas X is made the ratio shown in Fig. 
6. the temperature of the fuel and the gas around it 
becomes a temperature lower than the temperature at 
which soot is produced and therefore no soot at all is 

25 produced any longer. Further, the amount of NOx pro- 
duced at this time is around 10 ppm or less and there- 
fore the amount of NOx produced becomes extremely 
small. 

[0039] If the amount of fuel injected increases, the 

30 . amount of heat generated at the time of combustion 
increases, so to maintain the temperatures of the fuel 
and the gas around it at a temperature lower than the 
temperature at which soot is produced, the amount of 
heat absorbed by the EGR gas must be increased. 

35 Therefore, as shown in Fig. 6, the amount of EGR gas 
has to be increased the greater the amount of injected 
fuel. That is, the amount of EGR gas has to be 
increased as the required load becomes higher. 
[0040] On the other hand, in the load region 22 of Fig. 

40 6, the total amount of suction gas X required for inhibit- 
ing the production of soot exceeds the total amount of 
suction gas Y which can be taken in. Therefore, in this 
case, to supply the total amount of suction gas X 
required for inhibiting the production of soot into the 

45 combustion chamber 5, it is necessary to supercharge 
or pressurize both of the EGR gas and the suction gas 
or the EGR gas. When not supercharging or pressuriz- 
ing the EGR gas etc., in the load region Z2, the total 
amount of suction gas X matches with the total amount 

so of suction gas Y which can be taken in. Therefore, in the 
case, to inhibit the production of soot, the amount of air 
is reduced somewhat to increase the amount of EGR 
gas and the fuel is made to burn in a state where the air 
fuel ratio is rich. 

55 [0041] As explained above, Fig. 6 shows the case of 
combustion of fuel at the stoichiometric air fuel ratio. In 
the low load operating region Z1 shown in Fig. 6, even if 
the amount of air is made smaller than the amount of air 
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shown in Fig. 6, that is, even if the air fuel ratio is made 
rich, it is possible to obstruct the production of soot and 
make the amount of NOx produced around 10 ppm or 
less. Further, in the low load region 21 shown in Fig. 6, 
even if the amount of air is made greater than the 5 
amount of air shown in Fig. 6, that is, the mean value of 
the air fuel ratio is made a lean 1 7 to 18, it is possible to 
obstruct the production of soot and make the amount of 
NOx produced around 10 ppm or less. 
[0042] That is, when the air fuel ratio is made rich, the 10 
fuel becomes in excess, but since the fuel temperature 
is suppressed to a low temperature, the excess fuel 
does not grow into soot and therefore soot is not pro- 
duced. Further, at this time, only an extremely small 
amount of NOx is produced. On the other hand, when is 
the mean air fuel ratio is lean or when the air fuel ratio is 
the stoichiometric air fuel ratio, a small amount of soot is 
produced if the combustion temperature becomes 
higher, but in the present invention, the combustion tem- 
perature is suppressed to a low temperature, so no soot 20 
at alt is produced. Further, only an extremely small 
amount of NOx is produced. 

[0043] In this way, in the engine low load operating 
region 21, regardless of the air fuel ratio, that is, 
whether the air fuel ratio is rich or the stoichiometric air 25 
fuel ratio or the mean air fuel ratio is lean, no soot is pro- 
duced and the amount of NOx produced becomes 
extremely small. Therefore, considering the improve- 
ment of the fuel efficiency, it may be said to be prefera- 
ble to make the mean air fuel ratio lean. 30 
[0044] It is however only possible to suppress the tem- 
perature of the fuel and the gas surrounding it at the 
time of combustion in the combustion chamber to less 
than the temperature where the growth of the hydrocar- 
bons is stopped midway at the time of a relatively low 35 
engine load where the amount of heat generated by the 
combustion is small. Accordingly, in the present inven- 
tion, when the engine load is relatively low, the temper- 
ature of the fuel and the gas surrounding it is 
suppressed to less than the temperature where the 40 
growth of the hydrocarbons stops midway and first com- 
bustion, that is, low temperature combustion, is per- 
formed. When the engine load is relatively high, second 
combustion, that is, the conventionally normally per- 
formed combustion, is performed. Note that the first 45 
combustion, that is, the low temperature combustion, as 
clear from the explanation up to here, means combus- 
tion where the amount of inert gas in the combustion 
chamber is larger than the amount of inert gas where 
the amount of production of the soot peaks and where so 
almost no soot is produced, while the second combus- 
tion, that is, the conventionally normally performed com- 
bustion, means combustion where the amount of inert 
gas in the combustion chamber is smaller than the 
amount of inert gas where the amount of production of ss 
soot peaks. 

[0045] Figure 7 shows a first operating region I where 
the first combustion, that is, the low temperature com- 



bustion, is performed and a second operating region II 
where the second combustion, that is, the combustion 
by the conventional combustion method, is performed. 
Note that in Fig. 7, the abscissa L shows the amount of 
depression of the accelerator pedal 40, that is, the 
required load, and the ordinate N shows the engine 
rotational speed. Further, in Fig. 7, X(N) shows a first 
boundary between the first operating region I and the 
second operating region II, and Y(N) shows a second 
boundary between the first operating region I and the 
second operating region II. The change of operating 
regions from the first operating region I to the second 
operating region II is judged based on the first boundary 
X(N), while the change of operating regions from the 
second operating region II to the first operating region I 
is judged based on the second boundary Y(N). 
[0046] That is, when low temperature combustion is 
being performed when the engine is operating in the 
first operating region I, if the required load L exceeds 
the first boundary X(N), which is a function of the engine 
rotational speed N t it is judged that the operating region 
has shifted to the second operating region II and second 
combustion, that is, combustion by the conventional 
method of combustion, is performed. Next, when the 
required load L becomes lower than the second bound- 
ary Y(N), which is a function of the engine rotational 
speed N, it is judged that the operating region has 
shifted to the first operating region I and first combus- 
tion, that is, low temperature combustion, is again per- 
formed. 

[0047] Note that in this embodiment of the present 
invention, the second boundary Y(N) is made the low 
load side from the first boundary X(N) by exactly AL(N). 
As shown in Fig. 7 and Fig. 8, AL(N) is a function of the 
engine rotational speed N. AL(N) becomes smaller the 
higher the engine rotational speed N. 
[0048] When low temperature combustion is being 
performed when the engine is operating in the first oper- 
ating region I, almost no soot is produced, but instead 
the unburnt hydrocarbons are exhausted from the com- 
bustion chamber 5 in the form of a soot precursor or a 
sate before that. At this time, if the catalyst 19 having 
the oxidation function is activated, the unburnt hydrocar- 
bons exhausted from the combustion chamber 5 may 
be oxidized well by the catalyst 1 9. When the catalyst 1 9 
is not activated at this time, however, the unburnt hydro- 
carbons cannot be oxidized by the catalyst 19 and 
therefore a large amount of unburnt hydrocarbons are 
exhausted into the atmosphere. Accordingly, in the 
present invention, even when the engine operating state 
is the first operating region where the first combustion, 
that is, low temperature combustion, can be performed, 
rf the catalyst 19 is not activated, the first combustion is 
not performed, but the second combustion, that is, the 
combustion by the conventional method of combustion, 
is performed. 

[0049] As the catalyst 1 9, an oxidation catalyst, three- 
way catalyst, or NOx absorbent may be used. An NOx 
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absorbent has the function of absorbing the NOx when 
the mean air-fuel ratio in the combustion chamber 5 is 
lean and releasing the NOx when the mean air-fuel ratio 
in the combustion chamber 5 becomes rich. 
[0050] The NOx absorbent is for example comprised s 
of alumina as a carrier and, on the carrier, for example, 
at least one of potassium K, sodium Na, lithium Li, 
cesium Cs, and other alkali metals, barium Ba, calcium 
Ca. and other alkali earths, lanthanum La, yttrium Y, and 
other rare earths plus platinum Pt or another precious 10 
metal is carried. 

[0051] The oxidation catalyst, of course, and also the 
three-way catalyst and NOx absorbent have an oxida- 
tion function, therefore the three-way catalyst and NOx 
absorbent can be used as the catalyst 19 as explained 15 
above. 

[0052] The catalyst 1 9 is activated when the tempera- 
ture of the catalyst 19 exceeds a certain predetermined 
temperature. The temperature at which the catalyst 19 
is activated differs depending on the type of the catalyst 20 
19. The activation temperature of a typical oxidation cat- 
alyst is about 350°C. The temperature of the exhaust 
gas passing through the catalyst 19 is lower than the 
temperature of the catalyst 19 by exactly a slight prede- 
termined temperature, therefore the temperature of the 25 
exhaust gas passing through the catalyst 19 represents 
the temperature of the catalyst 19. Accordingly, in the 
embodiment of the present invention, it is judged if the 
catalyst 19 has become activated from the temperature 
of the exhaust gas passing through the catalyst 1 9. 30 
[0053] Figure 9 shows the output of the air fuel ratio 
sensor 21 . As shown in Fig. 9, the output current I of the 
air fuel ratio sensor 21 changes in accordance with the 
air fuel ratio A/F. Therefore, it is possible to determine 
the air-fuel ratio from the output current I of the air fuel 35 
ratio sensor 21. 

[0054] Next, a general explanation will be given of the 
control of the operation in the first operating region I and 
the second operating region II referring to Fig. 10 taking 
as an example a case where the catalyst 19 is activated. 40 
[0055] Figure 10 shows the opening degrees of the 
throttle valve 1 6, the opening degree of the EGR control 
valve 23, the EGR rate, the air-fuel ratio, the injection 
timing, and the amount of injection with respect to the 
required load L As shown in Fig. 10, in the first operat- 45 
ing region I with the low required load L, the opening 
degree of the throttle valve 16 is gradually increased 
from the fully closed state to the half opened state as 
the required load L becomes higher, while the opening 
degree of the EGR control valve 23 is gradually so 
increased from the fully closed state to the fully opened 
state as the required load L becomes higher. Further, in 
the example shown in Fig. 10, in the first operating 
region I, the EGR rate is made about 70 percent and the 
air-fuel ratio is made a lean air-fuel ratio of 1 5 to 1 8. 55 
[0056] In other words, in the first operating region, the 
opening degree of the throttle valve 1 6 and the opening 
degree of the EGR control valve 23 are controlled so 



that the EGR rate becomes about 70 percent and the 
air-fuel ratio becomes a lean air fuel ratio of 15 to 18. 
Note that at this time, the air-fuel ratio is controlled to 
the target air-fuel ratio by correcting the opening degree 
of the EGR control valve 23 based on the output signal 
ol the air-fuel ratio sensor 21 . Further, in the first operat- 
ing region I, the fuel is injected before top dead center of 
the compression stroke TDC. In this case, the injection 
start timing OS becomes later the higher the required 
load L. The injection end timing 6E also becomes later 
the later the injection start timing eS. 
[0057] Note that, during idling operation, the throttle 
valve 16 is made to close to close to the fully closed 
state. At this time, the EGR control valve 23 is also 
made to close to close to the fully closed state. If the 
throttle valve 16 closes to close to the fully closed state, 
the pressure in the combustion chamber 5 at the start of 
compression will become low, so the compression pres- 
sure will become small. If the compression pressure 
becomes small, the amount of compression work by the 
piston 4 becomes small, so the vibration of the engine 
body 1 becomes smaller. That is, during idling opera- 
tion, the throttle valve 16 can be closed to close to the 
fully closed state to suppress vibration in the engine 
body 1. 

[0058] When the engine is operating in the first oper- 
ating region I, almost no soot or NOx is produced and 
hydrocarbons in the form of a soot precursor or its pre- 
vious state contained in the exhaust gas can be oxi- 
dized by the catalyst 19. 

[0059] On the other hand, if the engine operating state 
changes from the first operating region I to the second 
operating region II, the opening degree of the throttle 
valve 16 is increased in a step-like manner from the half 
opened state to the fully opened state. At this time, in 
the example shown in Fig. 10, the EGR rate is reduced 
in a step-like manner from about 70 percent to less than 
40 percent and the air-fuel ratio is increased in a step- 
like manner. That is, since the EGR rate jumps over the 
range of EGR rates (Fig. 2) where a large amount of 
smoke is produced, there is no longer a large amount of 
smoke produced when the engine operating state 
changes from the first operating region I to the second 
operating region II. 

[0060] In the second operating region II, the conven- 
tionally performed combustion is performed. In this 
combustion method, some soot and NOx are produced, 
but the heat efficiency is higher than with the low tem- 
perature combustion, so if the engine operating state 
changes from the first operating region I to the second 
operating region II, the amount of injection is reduced in 
a step-like manner as shown in Fig. 10. 
[0061] In the second operating region II, the throttle 
valve 16 is held in the fully opened state except in por- 
tions and the opening degree of the EGR control valve 
23 is gradually made smaller then higher the required 
load L Therefore, in the operating region II, the EGR 
rate becomes lower the higher the required load L and 
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the air-fuel ratio becomes smaller the higher then 
required load L Even if the required load L becomes 
high, however, the air-fuel ratio is made a lean air-fuel 
ratio. Further, in the second operating region II, the 
injection start timing OS is made close to top dead 5 
center of the compression stroke TDC. 
[0062] The range of the first operating region I where 
low temperature combustion is possible changes 
according to the temperature of the gas in the combus- 
tion chamber 5 at the start of compression and the tern- 10 
perature of the surface of the inside wall of the cylinder. 
That is, if the required load becomes high and the 
amount of heat generated due to the combustion 
increases, the temperature of the fuel and its surround- 
ing gas at the time of combustion becomes high and is 
therefore low temperature combustion can no longer be 
performed. On the other hand, when the temperature of 
the gas TG in the combustion chamber 5 at the start of 
compression becomes low, the temperature of the gas 
in the combustion chamber 5 directly before when the 20 
combustion was started becomes lower, so the temper- 
ature of the fuel and its surrounding gas at the time of 
combustion becomes low. Accordingly, if the tempera- 
ture of the gas TG in the combustion chamber 5 at the 
start of compression becomes low, even if the amount 25 
of heat generated by the combustion increases, that is, 
even if the required load becomes high, the temperature 
of the fuel and its surrounding gas at the time of com- 
bustion does not become high and therefore low tem- 
perature combustion is performed. In other words, the 30 
lower the temperature of the gas TG in the combustion 
chamber 5 at the start of compression, the more the first 
operating region I where low temperature combustion 
can be performed expands to the high load side. 
[0063] Further, the smaller the temperature difference 35 
(TW-TG) between the temperature TW of the cylinder 
inner wall and the temperature of the gas TG in the 
combustion chamber 5 at the start of compression, the 
more the amount of heat escaping through the cylinder 
inner wall during the compression stroke. Therefore, the 40 
smaller this temperature difference (TW-TG), the 
smaller the amount of rise of temperature of the gas in 
the combustion chamber 5 during the compression 
stroke and therefore the lower the temperature of the 
fuel and its surrounding gas at the time of combustion. 45 
Accordingly, the smaller the temperature difference 
(TW-TG), the more the first operating region I where low 
temperature combustion can be performed expands to 
the high load side. 

[0064] In this embodiment according to the present so 
invention, when the temperature of the gas TG in the 
combustion chamber 5 becomes low, as shown in Fig. 
11, the first boundary is made to shift from X 0 (N) to 
X(N). When the temperature difference (TW-TG) 
becomes small, as shown in Fig. 1 1, the first boundary 55 
is made to shift from Xq(N) to X(N). Note that here, 
Xq(N) shows the reference first boundary. The reference 
first boundary Xo(N) is a function of the engine rota- 



tional speed N. X(N) is calculated using this X0(N) 
based on the following equations: 

X(N) = X 0 (N) + K(T) - K(N) 

K(T)-KCT)i + K(T) 2 

[0065] Here, K(T) 1 , as shown in Fig. 1 2A ( is a function 
of the temperature of the gas TG in the combustion 
chamber 5 at the start of compression. The value of 
K(T) 1 becomes larger the lower the temperature of the 
gas TG in the combustion chamber 5 at the start of 
compression. Further, K(T) 2 is a function of the temper- 
ature difference (TW-TG) as shown in Fig. 12B. The 
value of K(T) 2 becomes larger the smaller the tempera- 
ture difference (TW-TG). Note that in Fig. 12A and Fig. 
12B, T-, is the reference temperature and T 2 is the refer- 
ence temperature difference. When TG^l^ and 
(TW-TG) = T 2 , the first boundary becomes X 0 (N) of 
Fig. 11. 

[0066] On the other hand, K(N) is a function of the 
engine rotational speed N as shown in Fig. 12C. The 
value of K(N) becomes smaller the higher the engine 
rotational speed N. That is, when the temperature of the 
gas TG in the combustion chamber 5 at the start of 
compression becomes lower than the reference temper- 
ature 7^ , the lower the temperature of the gas TG in the 
combustion chamber 5 at the start of compression, the 
more the first boundary X(N) shifts to the high load side 
with respect to Xo(N). When the temperature difference 
(TW-TG) becomes lower than the reference tempera- 
ture difference T 2 , the smaller the temperature differ- 
ence (TW-TG), the more the first boundary X(N) shifts 
to the high load side with respect to Xq(N). Further, the 
amount of shift of X(N) with respect to Xq(N) becomes 
smaller the higher the engine rotational speed N. 
[0067] Figure 13A shows the air-fuel ratio A/F in the 
first operating region I when the first boundary is the ref- 
erence first boundary X^N). In Fig. 13A, the curves 
shown by A/F = 15, A/F = 16 , and A/F = 17 respec- 
tively show the cases where the air-fuel ratio is 15, 16, 
and 17. The air-fuel ratios between the curves are 
determined by proportional distribution. As shown in 
Fig. 13 A, in the first operating region, the air-fuel ratio 
becomes lean. Further, in the first operating region I, the 
air-fuel ratio A/F is made leaner the lower the required 
load L. 

[0068] That is, the lower the required load L, the 
smaller the amount of heat generated by the combus- 
tion. Accordingly, the lower the required load L, the 
more low temperature combustion can be performed 
even if the EGR rate is lowered. If the EGR rate is low- 
ered, the air-fuel ratio becomes larger. Therefore, as 
shown in Fig. 13 A, the air-fuel ratio A/F is made larger 
as the required load L becomes lower. The larger the 
air-fuel ratio A/F becomes, the more improved the fuel 
efficiency. Therefore to make the air-fuel ratio as lean as 
possible, in the embodiment according to the present 
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invention, the air-fuel ratio A/F is made larger the lower 
the required load L becomes. 
[0069] Figure 13B shows the air-fuel ratio A/F in the 
first operating region I when the first boundary is X(N) 
shown in Fig. 11. If comparing Fig. 13A and Fig. 13B, 
when the first boundary X(N) shifts to the high load side 
with respect to X 0 (N), the curves of A/F = 15, 
A/F = 16 , and A/F = 1 7 showing the air-fuel ratios also 
shift to the high load side following the same. Therefore, 
it is learned that when the first boundary X(N) shifts to 
the high load side with respect to Xo(N), the air-fuel ratio 
A/F at the same required load L and the same engine 
rotational speed N becomes larger. That is, if the first 
operating region I is made to expand to the high load 
side, not only is the operating region where almost no 
soot and NOx are produced expanded, but also the fuel 
efficiency is improved. 

[0070] In this embodiment according to the present 
invention, the target air-fuel ratios in the first operating 
region I for various different first boundaries X(N), that 
is, the target air-fuel ratios in the first operating region I 
for various values of K(T), are stored in advance in the 
ROM 32 in the form of a map as a function of the 
required load L and the engine rotational speed N as 
shown in Fig. 14A to Fig. 14D. That is, Fig. 14A shows 
the target air-fuel ratio AFKT1 when the value of K(T) is 
KT1, Fig. 14B shows the target air-fuel ratio AFKT2 
when the value of K(T) is KT2, Fig. 14C shows the tar- 
get air-fuel ratio AFKT3 when the value of K(T) is KT3, 
and Fig. 14D shows the target air-fuel ratio AFKT4 
when the value of K(T) is KT4. 
[0071] On the other hand, the target opening degrees 
of the throttle valve 16 required tor making the air-fuel 
ratio the target air-fuel ratios AFKT1, AFKT2, AKFT3, 
and AFKT4 are stored in advance in the ROM 32 in the 
form of a map as a function of the required load L and 
the engine rotational speed N as shown in Fig. 15A to 
Fig. 15D. Further, the target basic opening degrees of 
the EGR control valve 23 required for making the air- 
fuel ratio the target air-fuel ratios AFKT1, AFKT2, 
AKFT3, and AFKT4 are stored in advance in the ROM 
32 in the form of a map as a function of the required load 
L and the engine rotational speed N as shown in Fig. 
16Ato Fig. 16D. 

[0072] That is, Fig. 15A shows the target opening 
degree ST15 of the throttle valve 16 when the air-fuel 
ratio is 15, while Fig. 16A shows the target basic open- 
ing degree SE 15 of the EGR control valve 23 when the 
air-fuel ratio is 15. 

[0073] Further, Fig. 15B shows the target opening 
degree ST16 of the throttle valve 16 when the air-fuel 
ratio is 16, while Fig. 16B shows the target basic open- 
ing degree SE 16 of the EGR control valve 23 when the 
air-fuel ratio is 16. 

[0074] Further, Fig. 15C shows the target opening 
degree ST17 of the throttle valve 16 when the air-fuel 
ratio is 17, while Fig. 16C shows the target basic open- 
ing degree SE17 of the EGR control valve 23 when the 



air-fuel ratio is 1 7. 

[0075] Further, Fig. 15D shows the target opening 
degree ST18 of the throttle valve 16 when the air-fuel 
ratio is 18, while Fig. 16D shows the target basic open- 
5 ing degree SE18 of the EGR control valve 23 when the 
air-fuel ratio is 1 8. 

[0076] Figure 1 7 shows the target air-fuel ratio at the 
time of second combustion, that is, normal combustion 
by the conventional combustion method. Note that in 
10 Fig, 1 7, the curves indicated by A/F = 24 , A/F = 35 , 
A/F = 45 , and A/F = 60 respectively show the target 
air-fuel ratios 24, 35, 45, and 60. The target opening 
degrees ST of the throttle valve 16 required for making 
the air-fuel ratio these target air-fuel ratios are stored in 
is advance in the ROM 32 in the form of a map as a func- 
tion of the required load L and the engine rotational 
speed N as shown in Fig. 18A. The target opening 
degrees SE of the EGR control valve 23 required for 
making the air-fuel ratio these target air-fuel ratios are 

20 stored in advance in the ROM 32 in the form of a map as 
a function of the required load L and the engine rota- 
tional speed N as shown in Fig. 18B. 
[0077] When the engine is operating in the second 
operating region II, the air-fuel ratio is made the target 

25 air-fuel ratio shown in Fig. 17. Further, even when the 
engine is operating in the first operating region II, the 
air-fuel ratio is made the target air-fuel ratio shown in 
Fig. 17 when the second combustion is to performed. 
[0078] As explained up to here, when the engine is 

30 operating in the first operating region I and the catalyst 
1 9 is activated, first combustion, that is, low temperature 
combustion, is performed. Sometimes however even if 
the engine is operating in the first operating region I and 
the catalyst 19 is activated, good low temperature com- 

35 bustion is not possible due to some reason or another. 
Therefore, in the first embodiment of the present inven- 
tion, when the catalyst 19 is activated, when the engine 
is operating in the first operating region I, the opening 
degree of the throttle valve 16 and the opening degree 

40 of the EGR control valve 23 for the low temperature 
combustion are respectively made the target opening 
degree ST shown in Figs. 15A to 15D and the target 
basic opening degree SE shown in Figs. 16A to 16D. 
When good low temperature combustion is not possible 

45 at this time, the second combustion is switched to. 
[0079] In the first embodiment of the present inven- 
tion, whether or not good low temperature combustion 
is being performed is judged based on the pressure in 
the combustion chamber 5 detected by the combustion 

so pressure sensor 46. That is, when good low tempera- 
ture combustion is being performed, as shown in Fig. 
19, the combustion pressure changes gently. More spe- 
cifically, the combustion pressure peaks once at the top 
dead center TDC as shown by P 0 . then again peaks 

55 after the top dead center TDC as shown by The 
peak pressure occurs due to the combustion pres- 
sure. When good low temperature combustion is being 
performed, the amount of rise in the peak pressure P-i 
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with respect to the peak pressure P 0 , that is, the differ- 
ential pressure AP (=P i - P 0 ) between the peak pres- 
sure Pq and the peak pressure P 1 , becomes relatively 
small. 

[0080] As opposed to this, for example, when a region 5 
of a high density of fuet particles is formed locally and 
as a result the amount of rise in pressure after ignition 
becomes larger, the combustion temperature will 
become higher. At this time, low temperature combus- 
tion is no longer performed and therefore a large io 
amount of soot is produced. Therefore, in the embodi- 
ment of the present invention, when the differential 
pressure AP(=P.,-P 0 ) exceeds a predetermined 
upper limit a, the air-fuel ratio is made smaller or the 
injection timing is delayed so that the differential pres- is 
sure AP becomes smaller. When the differential pres- 
sure AP does not become smaller than the set value a 
even so, low temperature combustion, that is, the first 
combustion, is switched to the second combustion. 
Note that if the air-fuel ratio is made smaller, the rise in 20 
pressure falls and the combustion temperature 
becomes lower since the concentration of oxygen 
around the fuel particles becomes lower. 
[0081] As shown in Fig. 20A, the upper limit a 
becomes smaller the larger the required load L. As 25 
shown in Fig. 20B, the upper limit a becomes smaller 
the higher the engine rotational speed N as well. This 
upper limit a, as shown in Fig. 20C, is stored as a func- 
tion of the required load L and the engine rotational 
speed N in the form of a map in advance in the ROM 32. 30 
[0082] Further, when good low temperature combus- 
tion is not being performed and defective combustion 
occurs, the peak pressure P^ becomes lower than the 
peak pressure P 0 . Therefore, in the first embodiment of 
the present invention, when the differential pressure 35 
AP (= P^Pq) becomes a negative value, the air-fuel 
ratio is made larger or the injection timing is made ear- 
lier to realize good low temperature combustion. When 
the differential pressure AP does not become more than 
0 even with this, low temperature combustion, that is, 40 
the first combustion, is switched to the second combus- 
tion. 

[0083] Next, the method of detection of the differential 
pressure AP will be explained with reference to Fig. 19 
and Fig. 21 . Figure 21 shows a crank angle interruption 45 
routine. First, at step 1 00, it is judged rf the current crank 
angle is CA1 (Fig. 19) or not. When the crank angle is 
CA1 , the routine proceeds to step 101, where the output 
voltage of the peak hold circuit 47 is read. At this time, 
the output voltage of the peak hold circuit 47 indicates so 
the peak pressure P 0 , therefore at step 101, the peak 
pressure P 0 is read. Next, at step 102, the reset signal 
is input to the reset input terminal R of the peak hold cir- 
cuit 47, whereby the peak hold circuit 47 is reset. 
[0084] Next, at step 103, it is judged if the current ss 
crank angle is CA2 (Fig. 19) or not. When the crank 
angle is CA2, the routine proceeds to step 104, where 
the output voltage of the peak hold circuit 47 is read. At 



this time, the output voltage of the peak hold circuit 47 
indicates the peak pressure P 1t therefore at step 104, 
the peak pressure P^ is read. Next, at step 105, the 
reset signal is input to the reset input terminal R of the 
peak hold circuit 47, whereby the peak hold circuit 47 is 
reset. Next, at step 106, the differential pressure 
AP (= P 1 - P 0) between the peak pressure P 0 and the 
peak pressure P-t is calculated. 
[0085] Figure 22 shows the routine for control of the 
low temperature combustion region, that is, the first 
operating region I. 

[0086] Referring to Fig. 22, first, at step 200, the tem- 
perature of the gas TG inside the combustion chamber 
5 at the start of compression and the temperature TW of 
the cylinder inner wall are calculated. In this embodi- 
ment, the temperature of the mixed gas of the suction 
air and the EGR gas detected by the temperature sen- 
sor 43 is made the temperature of the gas TG in the 
combustion chamber 5 at the start of compression, 
while the temperature of the engine cooling water 
detected by the temperature detector 29 is made the 
temperature TW of the cylinder inner wall. Next, at step 
201 , K(T)-j is found from the relationship shown in Fig. 
12A, K(T) 2 is found from the relationship shown in Fig. 
12B, and these K(T) 1 and K(T) 2 are added to calculate 
K(T) (= KfD 1+ K(T) 2 ). 

[0087] Next, at step 202, K(N) is calculated from the 
relationship shown in Fig. 12C based on the engine 
rotational speed N. Next, at step 203, the value of the 
first boundary X 0 (N) stored in advance is used to calcu- 
late the value of the first boundary X(N) based on the 
following equation: 

X(N) = X 0 (N) + K(7) - K(N) 

[0088] Next, at step 204, AL(N) is calculated from the 
relationship shown in Fig. 8 based on the engine rota- 
tional speed N. Next, at step 205, AL(N) is subtracted 
from X(N) to calculate the value of the second boundary 
Y(N) (= X(N)-AL(N)). 

[0089] Next, an explanation will be given of the control 
of the operation with reference to Fig. 23 to Fig. 24. 
Note that in this embodiment, when low temperature 
combustion is to be performed and the differential pres- 
sure AP (= P 1 - P 0 ) exceeds the upper limit a, the air- 
fuel ratio is made smaller. When the differential pres- 
sure AP becomes a negative value, the air-fuel ratio is 
made larger. That is, the differential pressure AP is held 
in a predetermined range where it is larger than zero 
and smaller than the upper limit a. Further, when the dif- 
ferential pressure AP does not become lower than the 
upper limit a even when the air-fuel ratio is made small, 
the second combustion is switched to. Further, when 
the differential pressure AP does not become higher 
than zero even when the air-fuel ratio is made large, the 
second combustion is switched to. 
[0090] Referring to Fig. 23 and Fig. 24, first, at step 
300, it is judged if the temperature Tc of the exhaust gas 
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passing through the catalyst 19 is higher than a prede- 
termined T 0l that is, H the catalyst 19 has been activated 
or not, based on the output signal of the temperature 
sensor 45. When Tc <, T 0 , that is, when the catalyst 19 
has not been activated, the routine proceeds to step 5 
31 1 , where second combustion, that is, combustion by 
the conventional combustion method, is performed. 
[0091 ] That is, at step 3 1 1 , the target opening degree 
ST of the throttle valve 16 is calculated from the map 
shown in Fig. 18A, then at step 312 the target opening 10 
degree SE of the EGR control valve 23 is calculated 
from the map shown in Fig. 18B. Next, at step 313, the 
injection amount Q is calculated, then at step 314, the 
injection start timing OS is calculated. 
[0092] When it is judged at step 300 that Tc>T 0 , that is 
is, when the catalyst 19 is activated, the routine pro- 
ceeds to step 301, where it is judged if a flag I showing 
that the engine operating region is the first operating 
region I is set or not. When the flag I is set, that is, when 
the engine operating region is the first operating region so 
I, the routine proceeds to step 302, where it is judged if 
the required load L has become larger than the first 
boundary X(N) or not. When L <. X(N), the routine pro- 
ceeds to step 303. 

[0093] At step 303, it is judged H a prohibit flag indicat- 25 
ing that first combustion, that is. low temperature com- 
bustion, should be prohibited has been set or not. When 
the prohibit flag has not been set. that is, when low tem- 
perature combustion is to be performed, the routine pro- 
ceeds to step 304, where the opening degree of the 30 
throttle valve 16 and the opening degree of the EGR 
control valve 23 for the low temperature combustion are 
controlled. 

[0094] That is, at step 304, the two maps correspond- 
ing to K(T) out of the maps shown from Figs. 1 4 A to 1 4D 35 
are used to calculate the target air-fuel ratio AF by pro- 
portional distribution. Next, at step 305, the two maps 
corresponding to the target air-fuel ratio AF out of the 
maps shown from Figs. ISA to 15D are used to calcu- 
late the target opening degree ST of the throttle valve 1 6 40 
by proportional distribution. The opening degree of the 
throttle valve 16 is controlled to the target opening 
degree ST. Next, at step 306, the two maps correspond- 
ing to the target air-fuel ratio AF out of the maps shown 
from Figs. 16A to 16D are used to calculate the target 45 
basic opening degree SE of the EGR control valve 23 by 
proportional distribution. Next, at step 307, the injection 
amount Q is calculated, then, at step 316, the injection 
start timing OS is calculated. Next, the routine proceeds 
to step 31 7. so 
[0095] At step 31 7, it is judged if the differential pres- 
sure AP (= P 1 - P 0 ) is larger than zero or not. When 
AP £ 0. the routine proceeds to step 323, where the 
upper limit a is calculated from the map shown in Fig. 
20C. Next, at step 324. it is judged rf the differential 55 
pressure AP is smaller than the upper limit a or not. 
When AP < a, the routine jumps to step 329. That is, 
when 0 £ AP < a , the routine jumps to step 329. 



[0096] At step 329, it is judged if the actual air-fuel 
ratio A/F detected by the air-fuel ratio sensor 21 is larger 
than the target air-fuel ratio AF or not. When A/F > AF , 
the routine proceeds to step 330, where a predeter- 
mined value p is added to the correction value ASE for 
the opening degree of the EGR control valve 23, then 
the routine proceeds to step 332. As opposed to this, 
when A/F <, AF, the routine proceeds to step 331, 
where the predetermined value p is subtracted from the 
correction value ASE, then the routine proceeds to step 
332. At step 332, the correction value ASE is added to 
the target basic opening degree SE of the EGR control 
valve 23 to calculate the target opening degree SE0 of 
the EGR control valve 23, The opening degree of the 
EGR control valve 23 is controlled to this target opening 
degree SE0. That is, in this embodiment the opening 
degree of the EGR control valve 23 is controlled to con- 
trol the actual air-fuel ratio to the target air-fuel ratio AF. 
Of course, in this case, it is also possible to control the 
opening degree of the throttle valve 16 to control the 
actual air-fuel ratio to the target air-fuel ratio AF 
[0097] When the opening degree of the throttle valve 
1 6 and the opening degree of the EGR control valve 23 
are controlled for the low temperature combustion in this 
way, if the differential pressure AP is within the predeter- 
mined range (0 AP < a), that is. if good low temper- 
ature combustion is being performed, the low 
temperature combustion is continued as it is. At this 
time, the actual air-fuel ratio is controlled to the target 
air-fuel ratio AF. 

[0098] On the other hand, when it is judged at step 
302 that L > X(N), the routine proceeds to step 308, 
where the flag I is reset, then the prohibit flag is reset at 
step 309. Next, the routine proceeds to step 311, where 
the second combustion, that is, the conventionally per- 
formed normal combustion, is performed. 
[0099] On the other hand, when it is judged at step 
301 that the flag I has been reset, that is, when the 
engine is operating in the second operating region II, 
the routine proceeds to step 310, where it is judged if 
the required load L has become smaller than the sec- 
ond boundary Y(N) or not. When L £ Y(N), the routine 
proceeds to step 311. As opposed to this, when L < 
Y(N), the routine proceeds to step 315, where the flag I 
is set. Next, the routine proceeds to step 303, where the 
opening degree of the throttle valve 16 and the opening 
degree of the EGR control valve 23 are controlled for 
low temperature combustion. 

[0100] On the other hand, when it is judged at step 
324 that AP £ a, the routine proceeds to step 325, 
where the predetermined value d is added to the correc- 
tion value AAF of the target air-fuel ratio AF. Next, at 
step 326, the correction value AAF is subtracted from 
the target air-fuel ratio AF, whereby the air-fuel ratio is 
made smaller. Next, at step 327, it is judged if the air- 
fuel ratio AF has become smaller than a predetermined 
lower limit AFmin, for example, 15.0, or not. When AF £ 
AFrrdn, the routine jumps to step 329. As opposed to 
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this, when AF < AFmin, the routine proceeds to step 
328, where the air-fuel ratio AF is made the lower limit 
AFmin, then the routine proceeds to step 322, where 
the prohibit flag is set. 

[01 01 ] That is, when the opening degree of the throttle 
valve 16 and the opening degree of the EGR control 
valve 23 are controlled for low temperature combustion, 
if the differential pressure AP becomes larger than the 
upper limit a, the air-fuel ratio is gradually made smaller. 
At this time, if AP becomes lower than a, low tempera- 
ture combustion is performed. As opposed to this, when 
AP > a even when the air-fuel ratio AF becomes smaller 
to the lower limit AFmin, the prohibit flag is set. If the 
prohibit flag is set, the routine proceeds from step 303 to 
step 311, then the second combustion is switched to. 
[0102] The prohibit flag is reset when it is judged at 
step 302 that L > X(N), that is, when the engine is oper- 
ating in the second operating region II. Therefore, when 
the prohibit flag is set when the engine is operating in 
the first operating region I, the engine then changes to 
operate in the second operating region II and second 
combustion is continued until the first operating region 
is again switched to. 

[0103] On the other hand, when it is judged at step 
317 that the differential pressure AP has become nega- 
tive, the routine proceeds to step 318. where the prede- 
termined value d is subtracted from the correction value 
AAF. Next, at step 319, the correction value AAF is sub- 
tracted from the target air-fuel ratio AF, at which time the 
air-fuel ratio AF becomes larger. Next, at step 320, it is 
judged if the correction value AAF is larger than zero. 
When AAF £ 0, the routine jumps to step 329. As 
opposed to this, when AAF < 0, the routine proceeds to 
step 321 , where the air-fuel ratio AF is made the target 
air-fuel ratio found from the maps from Figs. 14A to 14D. 
Next, the routine proceeds to step 322, where the pro- 
hibit flag is set. 

[01 04] That is, if the differential pressure AP becomes 
negative when the opening degree of the throttle valve 
16 and the opening degree of the EGR control valve 23 
are controlled for low temperature combustion, the air- 
fuel ratio is gradually made larger. At this time, if AP 
becomes equal to or larger than 0, low temperature 
combustion is continued. As opposed to this, when AP < 
0 even when the correction value AAF becomes nega- 
tive, that is, the air-fuel ratio AF has become larger than 
the target air-fuel ratio found from the maps of Figs. 1 4 A 
to 14D, the prohibit flag is set and the second combus- 
tion is switched to. 

[0105] Next an explanation will be given of another 
embodiment of the control of the operation with refer- 
ence to Fig. 25 to Fig. 27. Note that in this embodiment, 
when low temperature combustion is to be performed 
and the differential pressure AP (= P n - P 0 ) exceeds 
the upper limit a. the injection start timing OS is delayed, 
while when the differential pressure AP becomes a neg- 
ative value, the injection start timing eS is advanced. 
That is, the differential pressure AP is held in a predeter- 



mined range where it is larger than zero and smaller 
than the upper limit a. Further, when the differential 
pressure AP does not become lower than the upper limit 
a even when the injection start timing 9S is delayed, the 

5 second combustion is switched to. Further, when the 
differential pressure AP does not become higher than 
zero even when the injection start timing OS is 
advanced, the second combustion is switched to. 
[0106] Referring to Fig. 25 and Fig. 26, first, at step 

10 400, it is judged if the temperature Tc of the exhaust gas 
passing through the catalyst 19 is higher than a prede- 
termined T 0 , that is, if the catalyst 19 has been activated 
or not, based on the output signal of the temperature 
sensor 45. When Tc s T 0 , that is, when the catalyst 19 

is has not been activated, the routine proceeds to step 
41 1 , where second combustion, that is, combustion by 
the conventional combustion method, is performed. 
[01 07] That is, at step 41 1 , the target opening degree 
ST of the throttle valve 16 is calculated from the map 

20 shown in Fig. 18A, then at step 412 the target opening 
degree SE of the EGR control valve 23 is calculated 
from the map shown in Fig. 18B. Next, at step 413, the 
injection amount Q is calculated, then at step 414, the 
injection start timing eS is calculated. 

25 [01 08] When it is judged at step 400 that ToT 0( that 
is, when the catalyst 19 is activated, the routine pro- 
ceeds to step 401 , where it is judged if a flag I showing 
that the engine operating region is the first operating 
region I is set or not. When the flag I is set, that is, when 

30 the engine operating region is the first operating region 
I, the routine proceeds to step 402, where it is judged if 
the required load L has become larger than the first 
boundary X(N) or not. When L £ X(N), the routine pro- 
ceeds to step 403. 

35 [01 09] At step 403, it is judged if a prohibit flag indicat- 
ing that first combustion, that is, low temperature com- 
bustion, should be prohibited has been set or not. When 
the prohibit flag has not been set, that is, when low tem- 
perature combustion is to be performed, the routine pro- 

40 ceeds to step 404, where the opening degree of the 
throttle valve 16 and the opening degree of the EGR 
control valve 23 are controlled for the low temperature 
combustion. 

[01 10] That is, at step 404, the two maps correspond- 
45 ing to K(T) out of the maps shown from Figs. 1 4A to 1 4D 
are used to calculate the target air-fuel ratio AF by pro- 
portional distribution. Next, at step 405, the two maps 
corresponding to the target air-fuel ratio AF out of the 
maps shown from Figs. 15A to 15D are used to calcu- 
so late the target opening degree ST of the throttle valve 1 6 
by proportional distribution. The opening degree of the 
throttle valve 16 is controlled to the target opening 
degree ST Next, at step 406, the two maps correspond- 
ing to the target air-fuel ratio AF out of the maps shown 
55 from Figs. 16A to 16D are used to calculate the target 
basic opening degree SE of the EGR control valve 23 by 
proportional distribution. Next, at step 407, the injection 
amount Q is calculated, then, at step 416, the injection 
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start timing 6S is calculated. This target inject on start 
timing eS, as shown in Fig. 27 A, is stored as a function 
of the required load L and the engine rotational speed N 
in the form of a map in advance in the ROM 32. Next, 
the routine proceeds to step 417. 
[0111] At step 417, it is judged if the differential pres- 
sure AP (= P 1 - P 0 ) is larger than zero or not. When 
AP £ 0, the routine proceeds to step 423, where the 
uppe; simit a is calculated from the map shown in Fig. 
20C. Next, at step 424, it is judged rf the differential 
pressure AP is smaller than the upper limit a or not. 
When AP < a, the routine jumps to step 430. That is, 
when 0 s AP < a , the routine jumps to step 430. 
[0112] At step 430, it is judged if the actual air-fuel 
ratio A/F detected by the air-fuel ratio sensor 21 is larger 
than the target air-fuel ratio AF or not. When A/F > AF , 
the routine proceeds to step 431, where a predeter- 
mined value p is added to the correction value ASE for 
the opening degree of the EGR control valve 23, then 
the routine proceeds to step 433. As opposed to this, 
when A/F < AF , the routine proceeds to step 432, 
where the predetermined value p is subtracted from the 
correction value ASE, then the routine proceeds to step 
433. At step 433, the correction value ASE is added to 
the target opening basic degree SE of the EGR control 
valve 23 to calculate the target opening degree SE0 of 
the EGR control valve 23. The opening degree of the 
EGR control valve 23 is controlled to this target opening 
degree SE0. That is, the opening degree of the EGR 
control valve 23 is controlled to control the actual air-fuel 
ratio to the target air-fuel ratio AF. Of course, in this 
case, it is also possible to control the opening degree of 
the throttle valve 16 to control the actual air-fuel ratio to 
the target air-fuel ratio AF. 

[01 1 3] When the opening degree of the throttle valve 
1 6 and the opening degree of the EGR control valve 23 
are controlled for the low temperature combustion in this 
way, if the differential pressure AP is within the predeter- 
mined range (0 ^ AP < a ), that is, if good low temper- 
ature combustion is being performed, the low 
temperature combustion is continued as it is. At this 
time, the actual air-fuel ratio is controlled to the target 
air-fuel ratio AF. 

[0114] On the other hand, when it is judged at step 
402 that L > X(N), the routine proceeds to step 408, 
where the flag I is reset, then the prohibit flag is reset at 
step 409. Next, the routine proceeds to step 411, where 
the second combustion, that is, the conventionally per- 
formed normal combustion, is performed. 
[0115] On the other hand, when it is judged at step 
401 that the flag I has been reset, that is, when the 
engine is operating in the second operating region II, 
the routine proceeds to step 410, where it is judged H 
the required load L has become smaller than the sec- 
ond boundary Y(N) or not. When L > Y(N), the routine 
proceeds to step 411. As opposed to this, when L < 
Y(N), the routine proceeds to step 415, where the flag I 
is set. Next, the routine proceeds to step 403, where the 



opening degree of the throttle valve 16 and the opening 
degree of the EGR control valve 23 are controlled for 
low temperature combustion. 
[0116] On the other hand, when it is judged at step 
s 424 that AP £ a, the routine proceeds to step 425, 
where the predetermined value e is added to the correc- 
tion value AO of the target injection start timing 6S. Next, 
at step 426, the correction value AO is subtracted from 
the target injection start timing eS, whereby the injection 
io start timing 6S is delayed. Next, at step 427, the allowa- 
ble maximum delay timing emin is calculated. This 
allowable maximum delay timing emin, as shown in Fig. 
27B, is stored as a function of the required load L and 
the engine rotational speed N in advance in the ROM 
is 32. Next, at step 428, it is judged if the injection start 
timing eS has become later than the allowable maxi- 
mum delay timing Omin or not, that is, if eS <8min. If 0s 
£ Omin, the routine jumps to step 429. As opposed to 
this, if 6s < Omin, the routine proceeds to step 429, 
so where the injection start timing 8s is made the allowable 
maximum delay timing Omin, then the routine proceeds 
to step 422, where the prohibit flag is set. 
[01 1 7] That is, when the opening degree of the throttle 
valve 16 and the opening degree of the EGR control 
25 valve 23 are controlled for low temperature combustion, 
if the differential pressure AP becomes larger than the 
upper limit a. the injection start timing is gradually 
delayed. At this time, if AP becomes smaller than a, low 
temperature combustion is performed. As opposed to 
30 this, when AP £ a even when the injection start timing is 
delayed to the allowable maximum delay timing Omin, 
the prohibit flag is set. If the prohibit flag is set, the rou- 
tine proceeds from step 403 to step 411, then the sec- 
ond combustion is switched to. 
35 [01 18] The prohibit flag is reset when it is judged at 
step 402 that L > X(N), that is, when the engine is oper- 
ating in the second operating region II. Therefore, when 
the prohibit flag is set when the engine is operating in 
the first operating region I, the engine then changes to 
40 operate in the second operating region II and second 
combustion is continued until the first operating region 
is again switched to. 

[011 9] On the other hand, when it is judged at step 
417 that the differential pressure AP has become nega- 

45 tive, the routine proceeds to step 418, where the prede- 
termined value e is subtracted from the correction value 
AO. Next, at step 419, the correction value AO is sub- 
tracted from the target injection start timing OS, at which 
time the injection start timing OS is advanced. Next, at 

so step 420. it is judged if the correction value AO is larger 
than zero. When AO £ 0, the routine jumps to step 430. 
As opposed to this, when AO < 0, the routine proceeds 
to step 421 , where the injection start timing OS is made 
the target injection start timing found from the map from 

55 Fig. 27A. Next, the routine proceeds to step 422, where 
the prohibit flag is set. 

[01 20] That is, if the differential pressure AP becomes 
negative when the opening degree of the throttle valve 
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1 6 and the opening degree of the EGR control valve 23 
are controlled for low temperature combustion, the 
injection start timing is gradually advanced. At this time, 
if AP becomes equal to or larger than 0, low tempera- 
ture combustion is continued. As opposed to this, when 5 
AP < 0 even when the correction value A6 becomes 
negative, that is, the injection start timing has become 
advanced to the target injection start timing found from 
the map of Fig. 27 A, the prohibit flag is set and the sec- 
ond combustion is switched to. 10 
[0121] In the embodiments described up to here, the 
temperature of the mixed gas of the suction air and the 
EGR gas was used as the temperature TG in the com- 
bustion chamber 5 at the start of compression. It is how- 
ever also possible to separately detect the suction air is 
temperature T(A) and the EGR gas temperature T(E) 
and find the temperature TG in the combustion chamber 
5 at the start of the compression from the suction air 
temperature T(A) and the EGR gas temperature T(E). 
Figure 28 shows an overall view of a compression igni- 20 
tion type engine suited for this case. In this engine, a 
temperature sensor 50 for detecting the suction air tem- 
perature T(A) is arranged in the intake duct 13, while a 
temperature sensor 51 for detecting the EGR gas tem- 
perature T(E) is arranged in the EGR passage 22. The 25 
output signals of these temperature sensors 50 and 51 
are input through the corresponding AD converters 37 
(Fig. 1) to the input port 35 (Fig. 1). Further, in this 
embodiment, an airflow meter 52 is provided for detect- 
ing the amount of suction air. The output signal of this 30 
air flow meter 52 is input through the corresponding AD 
converter 37 (Fig. 1) to the input port 35 (Fig. 1). 
[0122] In this embodiment, the temperature TG in the 
combustion chamber 5 at the start of compression is 
calculated based on the following formula: 35 

TG - (GA • T(A) + GE • T(E))/(GA + GE) 

[0123] Here, GA shows the amount of the suction air, 
while GE shows the amount of the EGR gas. The 40 
amount of suction air GA is calculated from the output 
signal of the air flow meter 52, while the amount of the 
EGR gas GE is calculated from the amount of suction 
air GA and the target EGR rate. 

[0124] That is, in the above formula, GA • T(A) indi- 45 
cates the amount of heat of the suction air supplied into 
the combustion chamber 5, while GE • T(E) indicates 
the amount o1 heat of the EGR gas supplied into the 
combustion chamber 5. The sum of these heats is the 
amount of heat of the mixed gas of the suction air and so 
EGR gas supplied into the combustion chamber 5. ff the 
temperature of the mixed gas is made TG, the amount 
of heat of the mixed gas is expressed as 
TG • (GA + GE). Therefore, the temperature TG of the 
mixed gas is expressed by the above formula. In this 55 
embodiment, the temperature of the mixed gas is used 
as the temperature TG inside the combustion chamber 
5 at the start of compression. 



[0125] Note that when not that accurate control is 
required, it is also possible to use the suction air tem- 
perature T(A) as the temperature TG in the combustion 
chamber 5 at the start of compression. It is also possi- 
ble to use the EGR gas temperature T(E). 
[0126] According to the present invention, as men- 
tioned above, it is possible to perform low temperature 
combustion with almost no generation of soot and NOx 
while preventing unburnt hydrocarbons from being dis- 
charged to the outside air. 

[01 27] While the invention has been described by ref- 
erence to specific embodiments chosen for purposes of 
illustration, it should be apparent that numerous modifi- 
cations could be made thereto by those skilled in the art 
without departing from the basic concept and scope of 
the invention. 

[0128] A compression ignition type engine, which 
switches between a first combustion where the amount 
of the inert gas in the combustion chamber is larger 
than the amount of inert gas where the amount of pro- 
duction of soot peaks and almost no soot is produced 
and a second combustion where the amount of inert 
gas in the combustion chamber is smaller than the 
amount of inert gas where the amount of production of 
soot peaks. The second combustion is provided instead 
of the first combustion when a catalyst is not activated. 

Claims 

1. A compression ignition type engine in which an 
amount of production of soot gradually increases 
and then peaks when an amount of inert gas in a 
combustion chamber increases and in which a fur- 
ther increase ol the amount of inert gas in the com- 
bustion chamber results in a temperature of fuel 
and surrounding gas at the time of combustion in 
the combustion chamber becoming lower than a 
temperature of production of soot and therefore 
almost no production of soot any longer, said 
engine comprising: 

switching means for selectively switching 
between a first combustion where the amount 
of the inert gas in the combustion chamber is 
larger than the amount of inert gas where the 
amount of production of soot peaks and almost 
no soot is produced and a second combustion 
where the amount of inert gas in the combus- 
tion chamber is smaller than the amount of 
inert gas where the amount of production of 
soot peaks: 

a catalyst having an oxidation function 
arranged in an exhaust passage of the engine; 
and 

activation judging means for judging if the cata- 
lyst is activated or not; said switching means 
making the second combustion be performed 
and the first combustion not be performed 
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when the catalyst is not activated. 

2. A compression ignition type engine as set forth in 
claim 1, wherein detecting means is provided for 
detecting a representative temperature represent* s 
ing a temperature of said catalyst and wherein said 
activation judging means judges that the catalyst 
has been activated when said representative tem- 
perature exceeds a predetermined temperature. 



3. A compression ignition type engine as set forth in 
claim 1, wherein the catalyst is at least one ol an 
oxidation catalyst, three-way catalyst, and NOx 
absorbent. 



10 



15 



4. A compression ignition type engine as set forth in 
claim 1 , wherein an exhaust gas recirculation appa- 
ratus is provided for recirculating exhaust gas 
exhausted from the combustion chamber into an 
engine intake passage and the inert gas is com- 20 
prised of recirculated exhaust gas. 

5. A compression ignition type engine as set forth in 
claim 4, wherein the exhaust gas recirculation rate 
when the first combustion is being performed is at 25 
least about 55 percent. 

6. A compression ignition type engine as set forth in 
claim 1 , wherein temperature of fuel and surround- 
ing gas at the time of combustion in a first combus- 30 
tion state is a temperature giving an amount of NOx 

in exhaust gas of around 1 0 ppm or less. 

7. A compression ignition type engine as set forth in 
claim 1, wherein, in a first combustion state, 35 
unburnt hydrocarbons are exhausted from the com- 
bustion chamber not in the form of soot, but in the 
form of a soot precursor or form before that and 
wherein the unburnt hydrocarbons exhausted from 
the combustion chamber are oxidized by said cata- 40 
lyst 

8. A compression ignition type engine as set forth in 
claim 1, wherein an engine operating region is 
divided into a low load side first operating region 45 
where the first combustion is performed and a high 
load side second operating region where the sec- 
ond combustion is performed and said switching 
means makes the first combustion be performed if 
the catalyst is activated when the engine is operat- so 
ing in the first operating region and makes the sec- 
ond combustion be performed H the catalyst is not 
activated when the engine is operating in the first 
operating region. 

55 

9. A compression ignition type engine as set forth in 
claim 8, wherein the first operating region is 
expanded to the high load side the lower tempera- 



ture of gas in the combustion chamber at the start 
of compression. 

10. A compression ignition type engine as set forth in 
claim 9, wherein an exhaust gas recirculation appa- 
ratus is provided for recirculating exhaust gas 
exhausted from the combustion chamber into an 
engine intake passage and the temperature of the 
gas in the combustion chamber at the start of com- 
pression is temperature of mixed gas of the recircu- 
lated exhaust gas and the suction gas. 

11. A compression ignition type engine as set forth in 
claim 8, wherein the first operating region is 
expanded to the high load side the smaller the dif- 
ference between a cylinder inner wall temperature 
and temperature of gas in the combustion chamber 
at the start of compression. 

12. A compression ignition type engine as set forth in 
claim 8, wherein, in the first operating region, an air- 
fuel ratio is made larger the tower a required load. 

13. A compression ignition type engine as set forth in 
claim 12, wherein the air-fuel ratio at the same 
required load and same engine rotational speed is 
made larger along with an expansion of the first 
operating region. 

14. A compression ignition type engine as set forth in 
claim 1 , wherein combustion state judging means is 
provided for judging if a combustion state where 
almost no soot is produced can be maintained 
when the first combustion is being performed and 
wherein said switching means switches from the 
first combustion to the second combustion when it 
is judged that the combustion state where almost 
no soot is produced cannot be maintained when the 
first combustion is being performed. 

15. A compression ignition type engine as set forth in 
claim 14, wherein, when the first combustion is 
being performed, a first peak of pressure in the 
combustion chamber appears at substantially top 
dead center of a compression stroke and a second 
peak of combustion pressure appears after top 
dead center of the compression stroke, a combus- 
tion pressure sensor for detecting the first peak 
pressure and the second peak pressure is pro- 
vided, and said combustion state judging means 
judges that a combustion state where no soot is 
produced is being maintained when the second 
peak pressure is in a predetermined range of pres- 
sure based on the first peak pressure. 

16. A compression ignition type engine as set forth in 
claim 15, wherein air-fuel ratio control means is pro- 
vided for reducing an air-fuel ratio when the second 
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peak pressure exceeds said range of pressure and 
increasing the air-fuel ratio when the second peak 
pressure has become smaller than a lower limit of 
said range of pressure. 

5 

17. A compression ignition type engine as set forth in 
claim 15, wherein injection timing control means is 
provided lor delaying an injection timing when the 
second peak pressure exceeds an upper limit of 
said range of pressure and advancing the injection w 
timing when the second peak pressure has become 
smaller than a lower limit of said range of pressure. 
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